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The serine proteinase acrosin plays an important role in sperm penetration o f  the zona pellucida. In the present study we investigated the effect 
o f  the enzyme on various matrix proteins. Acrosin degraded proteolytically fibronectin. ,ype IV collagen and heat denatured type I collagen, whereas 
neither native type I collagen or  laminin were cleaved by the enzyme. The specific activily o f  acrosin with type IV collagen as substrate (66.6 g/h/g} 
was 125-fold higher than that o f  known type IV eollagenase or stromelysin. These results suggest hat acrosin may act as a matrix-degrading 
proteinase. 
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1. INTRODUCTION 
Acros in  p lays  a cent ra l  ro le  in  mammal ian  fe r t i l i za -  
t ion .  The  enzyme was  found in spermatozoa  o f  ver te -  
b ra tes  and non-vertebrates  (reviewed in [ 1 ]). It is a disul- 
f ide-boncd two-cha in  g lycosy la ted  serinc prote inase,  ex- 
h ib i t ing trypsin- l ike c leavage specif icity [2,3]. In intact 
spermatozoa ,  the enzyme is assoc ia ted  wi th  the aeroso-  
real peripheral  membrane  in fo rm o f  proacros in  which 
is  ac t ivated  by  l im i ted  proteo lys i s  be fore  fe r t i l i za t ion  
[4,5t. 
The h igh  amount  o f  ac ros in  in  the  acrosome o f  sper -  
matozoa  is be l ieved  to  be  essent ia l  fo r  g~rnete  fus ion ,  
par t i cu la r ly  fo r  b ind ing  to  and  penet ra t ion  o f  the  zona  
pe l luc ida  ([6], rev iewed in [7]). The  molecu le  o f  ac ros in  
combines  a spec i f i c  p ro teo ly t i c  ac t iv i ty  w i th  zo•a- and 
carbohydrate -a f f in i ty ,  a p roper ty  unusua l  fo r  a ser ine  
prote inas¢  [8,9]. I t  was  suggested  that  in  v ivo  th i s  spec ia l  
a f f in i ty  o f  ac ros in  d i rec ts  the  proteo ly t i c  ac t iv i ty  to  i ts  
s t ruc tura l  ta rget .  Sperm acros in  may thus  funct ion  in  
penet ra t ion  o f  zona  pe l luc ida  and o f  a h igh ly  s t ruc tured  
ext race l lu la r  mat r ix  o f  the  prev i te l l in  space  [6]. 
S ince  l i t t le  is  known about  the  chemica l  s t ruc ture  o f  
the  zonapd luc ida ,  the  ac t ion  o f  ac ros in  on  i ts  p resumed 
phys io log ica l  subst ra te  has  not  been  character i zed  on  
the  molecu lar  leve l  and  the  degradat ion  o f  mat r ix  p ro -  
te ins  was  a t t r ibuted  ra ther  to  the  ac t ion  o f  mat r ix -de -  
g rad ing  meta l loprote inases .  
We have  recent ly  descr ibed  that  mat r ix  p ro te in ,  f ib ro -  
nectin, conta ins  a latent proteolyt ic  system o f  matr ix  
degradat ion,  that  can be act ivated by external prote ina-  
ses  [10,1 !]. FN- type  IV  eoUagenase ,  one  enzyme o f  th i s  
Correspondence address: V. Keit-Dlouha, Laboratoire de Chimie des 
Prot~ines, Institut Pasteur 28 rue du Docteur Roux, 75724 Paris Cedex 
15, France. Fax: (33) ( i )  405 60125. 
sys tem,  is a meta l loprote inase  that  degrades  co l lagen  
type  IV ,  heat -denatured  co l lagen  ty t '~  ! and  lamin in .  
F ib ronect inase  is a ser ine  prote inas¢  that  degrades  fi- 
b ronect in  and  i t s  f ragments .  As  both  the  sper rnatozo id  
and  the  prev i te l l in  space  conta in  f ib ronect in ,  a p rocess  
o f  a potent ia l  ac t ivat ion  o f  i ts  la tent  p ro teo ly t i c  sys tem 
by  acros in  had  to  be  taken  in to  cons iderat ion .  
The  in tent  o f  th i s  s tudy  was  to  examine  the  d i rec t  
e f fec t  o f  the  ser ine  prote inase  acros in  on  var ious  matr ix  
p ro te ins  and  the  poss ib i l i ty  o f  an  ind i rec t  e f fec t  o f  ac t i -  
va t ion  o f  a mat r ix -degrad ing  ac t iv i ty  f rom f ib ronect in  
[10,11]. 
2. MATERIALS  AND METHODS 
Gelatin-Ultrogel was purchased from IBF Biotechnics (Villeneuvc- 
la-Garean©, Franc.c). Phenylmethane sulfonylfluoride (PMSF) and 
pepstatin A were from Fluka Chemic AG (Buchs, Switzerland), I ! 0- 
phenanthrol ine and n-ethylmaleimide w re from Sigma Chemical Co. 
(St. Louis. USA). 
Acrosin (at-form, 14 U/rag) was purified and activated as previously 
described [12]. The lyophilized sample was solubilized in I mM HCI 
to a final cone. of  I mg/mi. Lyophilized human plasma fibronectin 
(Centre National de Transfusion Sanguine, France), was purified as 
described [ 13,14]. with a final step of  purification by gel filtration [! 5]. 
Laminin and type IV collagen were purified from the Engelbreth- 
Holm-Swarm (EHS) tumor [16] and type ! collagen from rat tendons 
[ 17]. Heat-denatured collagen (gelatin) was prepared by incubation of  
native type ! collagen at 70°C for 15 rain. 
Enzyme assays with native type ! collagen, denatured type ! collagen 
[gelatin}, type IV collagen and laminin as substrates (enzyme/substrate 
ratio of  1:!000) were carried out in 50 mM Tris-HCl, pH 7.4, buffer, 
containing 0.2 M NaCi and 5 mM CaCI2 with 20 g of  substrate in a 
final volume of  50 litres. In the case of  laminin, the assays were 
performed without NaCI. The samples were incubated for 16 h at 
37°C, lyophilized, reduced and analyzed by electrophoresis using 10~ 
acr3damide gel according to Doucet and Trifaro [18]. Substratc di- 
geslion was ©valuated in Laser I~nsitometgr Ultroscan XL (LKB, 
Sweden) by comparison of  control and enzyme-containing samples. 
The inhibition studies were done as previously described [10,1 I] 
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with  pheny lmethane su l fony i f luor ide .  1 ,10-phenanthro l ine ,  pepstat in  
A and  hi -ethyl  rna le imide  in f ina l  concent ra t ions  o f  t .3 mM.  10 rnM,  
I mM and 3.3  mM,  respect ive ly .  
To  eva luate  the  par t ia l  d igest ion  o f  f ib ronect in  w i th  acros in ,  the  
prote in  (5 rag)  was  d igested  a t  enzymc/subst ra te  ra t io  o f  I : I00  in 5 rnl 
o f  50  mM Tr i s -HCI  bu f fe r ,  pH 8, conta i r~ ing  5 ml~ CaCI  2 a t  22°C.  
A f te r  2 h,  the  d igest  was  app l ied  on  a ge la t in -UP .voge l  co lumn (2~2 × 
I 0 crn) ,  ecluii  ib ra ted  w i th  the  same buf fe r .  The  re ta ined  f ragments  were  
e lu ted  w i th  the  equ i l ib ra t ion  buf fe r  conta in ing  4 M urea .  
3. RESULTS AND DISCUSSION 
The  effect o f  ac ros in  on  co l lagens  was s tud ied  w i th  
nat ive  and  heat -denatured  co l lagens  type 1 and  w i th  
nat ive  co l lagen  type  IV  as subst ra tes .  
-The  resu l ts  in  F ig.  IA  show that  nat ive  type  I co l lagen  
was  not  c leaved by  the enzyme.  On the cont rary ,  the  
heat -denatured  co l lagen  was  degraded.  
The  degradat ion  o f  basa l  membrane  matr ix  p ro te ins  
was  s tud ied  w i th  co l lagen  type  IV  and  wi th  lamin in ,  the 
subst ra tes  o f  a specif ic g roup  o f  mat r ix -degrad ing  me-  
ta l loprote inases ,  compr is ing  type  IV  co l lagenases  and  
s t romelys in .  
Our  resu l ts  (F ig .  I B) have  shown that  acros in  effi- 
c ient ly  degrades  type  IV  co l lagen  at  E /S  ra t io  o f  1 : 1000. 
Th is  degradat ion ,  as wel l  as the  c leavage o f  the heat°  
denatured  type 1 co l lagen ,  were  inh ib i ted  by  the ser ine  
pr,~teinase inh ib i to r  pheny lmethane  su l fony l f luor ide ,  
wh i le  the inh ib i to r  o f  meta l loprote inases ,  o -phenan-  
th ro l ine ,  was  w i thout  effect. There fore  the c leavage  o f  
type  IV  and  denatured  type  I co l lagens  can  be  a t t r ibuted  
to  acros in  i tsel f  and  not  to  an  eventua l  contaminat ion  
by  a meta l loprote inase  or by  its zymogen.  Cont rary  to 
co l lagen  type  IV,  lamin in  was  not  degraded by  acros in  
(F ig .  IC) .  
The  effect o f  ac ros in  on  f ib ronect in  is demonst ra ted  
in  F ig.  2. The  proteo lys i s  o f  f ib ronect in  at  an  E/S ra t io  
o f  1 : 100 was  accompl i shed  w i th in  2 h (F ig .  2A) .  Fur ther  
incubat ion  d id  not  change the e lec t rophoret i c  pat tern  o f  
the  d igest  (not  shown) .  
An  a f f in i ty  chromatography  o f  the  d igest  on  ge la t in -  
U l t roge l  (F ig .  2B)  and  a subsequent  gel e lec t rophores i s  
o f  the separated  f rac t ions  (F ig .  2A)  have  demonst ra ted  
three main  f ragments  o f  110, 27 and  25 kDa in ge la t in -  
unreta ined  f rac t ion .  A l l  o ther  f ragments  were  re ta ined  
by  ge la t in -U l t roge l .  XVhen e i ther  the  ge la t in -unreta ined  
or  ge la t in - re ta ined  f rac t ions  were  assayed w i th  var ious  
matr ix  p ro te ins  as subst ra tes ,  no  t races  o f  any  newly  
generated  proteo ly t i c  act iv i ty  were detected.  A 24 h-  
p re incubat ion  o f  the f rac t ions  a lone  or  together  ( ra t io  
1: i )  that  enhanced the ac t ivat ion  o f  FN-prote inases  d id  
not  change the results .  
There fore  the present  s tudy  has  demonst ra ted  that  
acros in  does  not  generate  any  proteo ly t i c  ac t iv i ty  f rom 
f ib ronect in ,  but  that  it can  degrade  d i rect ly  mat r ix  p ro -  
te ins.  A compar i son  o f  the  specif ic act iv i t ies  o f  ac ros in  
towards  the  s tud ied  matr ix  p ro te ins  w i th  those  o f  
known matr ix -degrad ing  prote inases  (Tab le  I) demon-  
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Fig. I. Analysis of proteolytie activity of acrosin. Substrates were 
incubated with acrosin (E/S ratio of 1:100) for 16 h at 37°C. (A) Native 
type I collagen (20 g) alone (lane 1) or with acrosin (lane 2); (lane~ 3-6) 
heat denatured collagen (20 g) as substrate: incubated atone (lane 3). 
with aerosin (lane 4), with acrosin and phenylmethane s lfonyltluoride 
(lane 5), with acrosin and 1,10-phenanthroline (lane 6). (B) Collagen 
type IV (! 5 g) alone (lane 1); with the enzyme (lane 2); with the enzyme 
and PMSF (lane 3); with the enzyme and I ,lO-phenanthroline 0ane 
4). (C) Laminin (15 g) alone (lane l); laminin with the enzyme (lane 
2). 
s t r~tes that  its specif ic ac t iv i ty  towards  type  IV  co l lagen  
is 125-fo ld h igher  than  that  o f  type  IV  co l lagenase  (gela-  
t inase)  and  o f  s t romelys in  [19]. 
Up  to  now,  the  degradat ion  o f  type  IV  co l lagen  was  
cons idered  as a specif ic p roper ty  o f  meta l loprote inases ,  
in  par t i cu la r  o f  type  IV  co l lagenases .  Th is  g roup  o f  
enzymes  was  exhaust ive ly  s tud ied  by  severa l  laborato -  
ries, s ince  a cor re la t ion  was  es tab l i shed  between the i r  
p ro teo ly t i c  ac t iv i ty  and  the  metasta t i c  potent ia l  o f  
tumor  cel ls [20,21]. 
Our  present  resu l ts  b rought  ev idence  that  ser ine  
prote inase  acros in  can  a l so  d i sp lay  a h i sh  specif ic  p ro -  
teo lyt ie  ac t iv i ty  towards  co l lagen  type  IV.  There fore  a 
degradat ion  o f  th is  mat r ix  p ro te in  character i s t i c  fo r  the  
basa l  membrane  is not  an  exc lus ive  proper ty  o fmeta l lo -  
p ro te inases .  Fur ther  s tudy  is requ i red  to  unders tand  the  
b io log ica l  s ign i f i cance  o f  th is  par t i cu la r  p roper ty  o f  
ac ros in .  
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Fig. 2. D igest ion o f  f ibronectin wi th  acros in  and affinity chromatography  o f  the digest on  8¢latin-Ultrog¢l. (A) Gel electrophorcsis.  Fil~roncctin 
( lane I); acros in digest o f  f ibronectin ( lane 2); 8elat in-urtretained fract ion <lane 3) and retained fract ion (lane 4). (B) Affinity chromatography  o f
the digest, A r row indicates ehtt ion with urea-conta in ing buffer. 
Table  I 
Compar i son  o f  substrate  specificity o f  acros in with extraccl lular ma-  
trix meta l loprote inases  
Subst rate  Enzyme 
Acros in  Type IV  [I 9] St rome-  Co l lasenase  
col lagcnasc lysin interstitial 
(g¢latinasc) [ 19] [ 19] 
Col lagen IV  66.6 0.5 0 5 0.1 
Col lagen I -- -- - 54.1 
Col lagen I (D)  79.1 96 7.5 3.0 
Larninin -- -- + - 
F ibroncct in  83.3 + + + + + 
Activity values were expressed in 8 o f  substrate  degraded per hour  per  
8 o f  enzyme; data  f rom [19] were  recalculated accordingly.  (D),  dena-  
tured.  
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